Introduction
One underlying basis for human risk evaluation is exposure assessment. An important component of exposure assessment is the duration of exposure. Estimations of the time of exposure are examined in this analysis. Individuals spend their time in microenvironments such as being indoors in one's home, outdoors, traveling and in recreation facilities. The substance that may impact on human health may only occur in say, an outdoor environment.
Thus, it becomes evident that an analysis predicated on time spent outdoors should be based on actual data describing people's behavior. Silvers et al. ( 1996 ) describe time spent in microenvironments for children based on a national survey that was conducted for this purpose.
The present analysis reports results from a national survey of adult behavior in various microenvironments, especially those related to use of soil and total time spent outdoors. The adult respondent exposure scenario is evaluated to account for the combination of exposure pathways to which an individual may be exposed in urban or rural settings from an emission source through the following exposure pathways: o Direct inhalation of vapors and particles o Incidental ingestion of soil and dermal exposure to contaminants in the soil o Ingestion of drinking water from surface water sources
The material derived from a diary -based survey can be used in at least four ways to assess environmental impact.
(1 ) To adjust national and state regulatory agency estimates that may only assume a fixed exposure time per day for a specified length of the year. These may greatly overestimate the duration of exposure and, in addition, there are important variances in this estimate of duration.
(2 ) In tort cases, to resolve underinflated or overinflated estimates of exposure time from opposing litigants since it becomes difficult to resolve such conflicts in the absence of supporting data.
(3 ) In the area of exposure model development, to make available data needed to describe the overall distribution of time spent in microenvironments.
(4 ) To provide new bases for exposure assessment in time spent in particular microenvironments, such as outdoors or in contact with soil.
Thus, one of the major issues in environmental risk assessment is the proper measurement of exposure to potential pollutants by typical citizens in their daily lives.
Ideal measurements of such exposure would involve direct physical measurements of how often a person comes in contact with such pollutants, the length of such contacts per episode and the extent of pollutant concentration per contact. Given the great cost and difficulty of obtaining direct real -time measures of these parameters by observation or unobtrusive monitoring equipment, some sort of reliance must be required on respondent recall of such episodes.
However, major problems arise in the ability to obtain such measurements based on self -reports of ordinary citizens. These usually entail an ability on their part to remember, recall and report on how often they engage in various activities and how long``typical episodes'' of such contact took.
When crafting exposure assessments, various parameters have to be estimated or data provided to determine the value of these estimates. In cancer-risk assessment, cumulative exposure is a main parameter of interest and in noncancer risk assessments, duration of exposure is determined. The provision of these estimates is either based on assumptions or calculated from data. There is a need for data to reduce uncertainty in these estimates. This study does contribute to the tools of those who do risk assessments, by providing new data on the probability of exposure to soil contaminants and to the time spent in microenvironments as related to demographic variables Ð as well as location and temporal factors like region, urbanicity, day of the week and season of the year. For example, the impact of location and temporal factors on the proportion exposed and on time of exposure can be used to differentiate exposure with respect to these demographic factors.
Study Background and Approach
In 1994 ± 1995, the Electric Power Resource Institute ( EPRI ) undertook a major national survey that examined such questions in the context of the daily lives of typical citizens. It did so using a methodology that took into account the need for a``microbehavioral'' survey approach that minimized the problems of respondent recall and reporting. That approach mainly revolved around the use of a``time diary,'' in which survey respondents reported in detail about their actual activities``yesterday.'' That`y esterday focus'' minimized respondent problems of activity recall by concentrating only on the preceding day.
To recall activities in a time diary using the telephone method, respondents usually need to spend 10 ±15 min to place such activities in the full temporal contact of that day so that each activity is connected to what activities preceded it and what followed it. In such a process of memory enhancement, the previous day's activities come into fuller context, meaning they can promote clearer recall of other details /behaviors that are exposure relevant, such as contact with and use of certain materials like soil, water or chemicals. In the EPRI study, perhaps for the first time, respondents from a nationally representative sample were asked detailed questions about such use and contact after having already provided a full time diary of all their other activities as background context to their exposures.
The time-diary instrument itself contained important information about potential exposure on that diary day, such as the amount of time in important microenvironments, like the home, the yard or area surrounding the home, other outdoor locations (like streets or parks ) , the workplace, automobiles and other means of transportation.
In addition, the diary contained information on the time spent on activities that are pollutant -relevant, such as gardening, washing and repairing automobiles. Of particular interest in this diary was the exposure related to the proximity of smokers in each activity. The question about proximity to smokers was asked for each activity except sleep in the diary for subsequent analyses.
In this analysis, attention is focused on the unique data from this national study on time spent in contact with soil. The EPRI survey data provide perhaps the first detailed look at such potential exposure, not only in terms of the prevalence and extent of such soil contact, but also of the parts of the body so exposed during contact. Moreover, the extent of potential exposure can be seen to vary by important background characteristics and conditions of each survey respondent Ð their gender, age and race; the education and income and their marital status, status as parents and hours at work. Perhaps most importantly, one can assess how much soil contact varies by temporal and ecological factors Ð in what season of the year or day of the week or in what region one lives. Moreover, we also have the opportunity to see whether the activity patterns observed in this 1994 ±95 study have changed since that study was conducted.
Of particular interest is the question of whether exposure to soil can be simply predicted by knowing how much time the respondent spent outdoors on the diary day. To the extent that the two microenvironmental factors have the same predictors, there may be no need to ask specific questions about soil exposure related to each separate factor.
Two major pathways associated with exposure to soil are soil ingestion and dermal contact. Information about the amount of soil that is ingested is limited. Studies of note include Hawley (1985 ) and Calabrese et al. ( 1990 ) . Our main concern is dermal contact, probably mainly through outdoor recreation, gardening, and construction. The formula for estimating exposure that the Environmental Protection Agency ( EPA ) uses is proportional to exposure duration and inversely proportional to average time in days ( U.S. EPA, 1997 ) .
It is the reduction in uncertainty in the measures that the EPRI survey addresses by providing more data that can be used in risk assessments. This uncertainty is reflected in the broad default guidelines for exposures. Default assumptions do not necessarily account for season, region ( unless they are determined by the state ), and demographics (age, race, etc. ) .
In assessing dermal exposure, EPA addresses in detail the measures of body surface areas, (U.S. EPA 1992 ) . This is predicated on various exposure scenarios, such as whether an individual is fully clothed or partially clothed. This survey provided additional information on the probability of body part surface area exposure, as well as duration for such exposure, which can augment the impact of surface area exposure in men and women.
Various soil pollutants are associated with soil contact, including polychlorinated biphenyls (Brown and Silvers, 1984 ) , polyaromatic hydrocarbons and lead (Lepow et al., 1975 ) . Many regulatory decisions are based on soil pathways. The superfund program deals with cleanup in abandoned hazardous waste sites. Cleanup procedures are determined by using potential surface area exposure and duration of these exposures. Similarly, the Resources Conservation Recovery Act (RCRA ) deals with active sites which may be used for future residential activity.
Another element that is considered, particularly for permitting processes, is the deposition from air emissions to soil. Potential deposition, from plumes from utility stacks and industrial furnaces, is now considered an important part of obtaining permits.
It is clear that realistic and accurate estimates for soil exposure are necessary for risk management decisions and the determination of clean-up costs.
Study hypotheses
Given the lack of prior studies in the literature, one can only speculate on the extent of exposure or its predictors. Our initial expectations were that exposure to soil: 1. Averages less than an hour a week across the adult population 2. Is mainly confined to hands rather than other parts of the body 3. Is experienced by less than 10% of people per day 4. Is less than an hour per day for 99% of the population Demographic, background factors may be likely to predict amount of exposure. For example, it would be expected that managerial, professional and office workers would be minimally likely to be in positions involving soil, whereas soil exposure would be higher among:
5. Men and older people who are engaged in more physical and agricultural labor 6. Blacks, Hispanics and other less educated, lower income individuals 7. Unmarried, nonparents and long work -hour people more likely to be involved in agricultural -type activity 8. Southern and rural residents 9. Spring and Summer months and weekend days 10. People who are outside more.
This last hypothesis is tested in a number of ways throughout the following analysis, using the time -diary measure of time spent outdoors.
Study methodology
The source of the EPRI time -use evidence is a comprehensive set of data on how people spend their time, as recorded by survey respondents in the form of 24 -h time diaries. These diary data, which have been collected in more than 20 Western countries since 1965 (with some measurements extending back to the 1920s ) provide unique scientific insights into how daily life is structured and has been changing (Robinson and Godbey, 1999 ) . A general review of how diary data relate to exposure analysis and studies can be found in Ott ( 1988 ) . Silvers et al. ( 1996 ) provide an application of the technique for children's exposure assessment.
In these diary accounts, cross -sections sample of the public provide complete accounts of what they do on a particular day Ð and for the full 24 h of that day. Respondents in these surveys take one step -by -step through their day, by describing when they went to bed, when they got up and started a new day, and all the things they did throughout the day until midnight of that day. In many of these accounts, the analyst also learns about where these people spent their day, who they were with, what other activities they were doing to accompany these activities and how they felt about these activities. Because they represent complete accounts of daily activity, diary data collected from cross -section samples allow one to generate estimates of how much societal time is spent on the complete range of human behavior Ð from work to free time, from travel to time spent at home.
Features of the Time Diary and a Sample Diary
The measurement logic of the time diary approach was based on the most extensive and well-known of diary studies Ð the multinational time budget study of Szalai et al. (1972 ) .
In that study, care was taken to ensure that each day of the week was equivalently represented, although only two seasons of the year were covered. In subsequent studies, all seasons of the year would be covered. Figure 1 shows how the diary was filled out by one American respondent in the study. It can be seen that this respondent was watching TV at midnight as the new day began and that she went to pick up her daughter between 12:15 and 12:30 a.m. She then got ready for bed and got to sleep at 12:50. She then woke up to make breakfast and lunches for her son and husband from 4:00 to 4:30 a.m. She then got ready for work and left at 4:55 a.m., arriving at 5:00 a.m. She took a work break at 8:00 for 15 min with a friend who worked nearby. She returned to work and took 15 min to eat lunch and then continued to work until 1:30 p.m., at which time she drove home, arriving home at 1:35. Here, she visited with a neighbor in the back yard for 25 min, before doing a marathon 3 h and 30 min house clean. She then went out to pick up her daughter from school, returning home to serve and eat supper until 8:00 p.m. and spent the next hour washing dishes and doing laundry. She watched TV for 75 min and then went out to pick up her daughter from work. Returning at 10:30 p.m. she got ready for bed and was asleep by 10:45 p.m. Figure 1 thus includes 27 separate activities, and shows not only the duration but the time when each of these activities began and ended and the codes describing the activity ( e.g., sleep = code 45, working = code 01 and talking on the phone =code 96 in Table 1 ) and where it took place. Totaling activities across the day, we see that she spent 4.4 h (265 =190 + 75 min ) sleeping, 8 h (480 =180 + 225+ 75 min ) working and 1 h ( 60 min ) eating meals. While one might prefer to classify her trips with her daughter or her work break as a social activity, it is possible to accommodate any such recordings within the present coding scheme.
It can be seen that the task of keeping the diary, while presenting some recall difficulties, is fundamentally different from the task of making estimates. The diary keeper's task is to recall all of the day's activities in sequence. This is probably similar to the way the day was structured chronologically for the respondent and to the way most people store their activities in memory. Rather than having to consider a long time period, the respondent need only focus attention on a single day (yesterday ) . Rather than working from some list of activities whose meanings vary from respondent to respondent, the diary keepers simply describe their day's activities in their own words.
The diary procedure thus avoids most of the pitfalls of the estimate approach. There are still problems of memory, as when respondents have trouble piecing together a particular period of the day, but few diaries are beset by such structural reporting problems.
The diary technique also presents respondents with a task that gives them minimal opportunity to distort activities in order to present themselves in a particular light. They are given no clue about a study interest in one activity or another, because the researcher is simply interested in all activity. Some respondents may wish to portray themselves as hard workers or light TV viewers, but in order to do so they must fabricate the activities that precede it or that follow it. Further, it is only a 1-day account, and on any given day respondents probably realize that they may work less or watch TV more that usual. Moreover, respondents are not pressured to report an activity if they cannot recall it do not wish to repeat it.
Automatic procedures were built into the diary recording procedures that are now conducted by telephone CATI (Computer Assisted Telephone Interviewing ) to ensure accurate reporting. Whenever respondents report consecutive activities that involve different locations, they are reminded that there needs to be some travel episode to connect them. Activity periods that last more than 2 h automatically involve the probe``Were you doing anything else during that time, or were you ( activity ) for the entire time?'' And as is apparent in Figure 1 , all periods across the day must be accounted for in order that the diary account total to 1440 min.
As in earlier diary surveys, the open -ended diary reports were coded using the basic activity coding scheme Szalai et al., 1972) . As shown in outline form in Table 1 , the Szalai et al. code first divides activities into nonfree time activities (codes 00 ± 49 ) and free time activities (codes 50 ± 99) ; nonfree activities are further subdivided into paid work, family care and personal care, and free time activities are further subdivided under the five general headings of adult education, organizational activity, social life, recreation and communication.
As reported in the``where'' category of the diary, location was coded into one of the basic location categories shown in Table 2 , as developed for the environmentally orientated EPRI study. Proper location coding can be arranged to estimate aggregate time spent in travel, outdoors or at home, all important parameters for analyzing time in various microenvironments. Unfortunately, these distinctions were not employed in earlier studies (as in Figure 1 ) , so cross -time comparisons are not as exact as for activities.
Data on location of activities are of great interest to market researchers, media analysts, geographers and urban planners as well as environmental researchers. Marketers can learn when and how long people are at home or in their cars to reach them with advertising messages, media analysts when people are watching TVor reading magazines or newspapers, and urban planners when people use public places. Environmental health researchers can measure when people are outdoors and exposed to unhealthy air (one main purpose of the detailed code in Table 2 ). One can use these data to simulate the consequences of public policies affecting locations such as restricting auto traffic or banning smoking in certain public locations.
Unfortunately, there are limits to how many details respondents can be expected to report on a particular day. Once one asks more than two or three questions about each activity during the day, the reporting task becomes very burdensome and the quality of respondent reporting can be expected to be adversely affected. For this study, the measurement of soil exposure was accomplished by using the direct question:
Did you come in contact with any soil yesterday?
Respondents who answered``Yes'' were then asked to estimate how long their exposure to soil lasted and the responses were coded into minutes or hours per day, depending on which the respondent preferred.
Respondents who said they had come in contact were also asked which parts of their bodies were thus exposed. Body parts included, in addition to hands, were arms, feet, legs, upper body, head and face. It was expected that greater contact would be from manual handling of soil, however. 
Robinson and Silvers
Exposure time spent with soil and outdoors Thus this greater soil emphasis in the EPRI survey resulted in four separate parameters of soil exposure:
1. Proportions of the sample exposed 2. Average minutes of exposure ( measured across the entire sample ) 3. Average minutes of exposure (for those exposed ) 4. Parts of the body exposed to soil Results for each of these parameters are provided below, and for the first three of these by demographic, seasonal and temporal factors Ð first in terms of single bivariate relations and second by multivariate controls for the other predictors.
In order to see whether the results could be a simple function of time spent outdoors, separate analysis for the same background factors are calculated. Time spent outdoors in the diary includes time on the diary day that the respondent reported being outside in the yard or gardens, walking or cycling outside on streets or sidewalk and all other times in outdoor parks, parking lots, outdoor restaurants, neighbors yards and the like Ð as noted with an asterisk in Table 2 .
In case it was not clear to the interviewer whether the location was indoors or outdoors, interviewers asked respondents specifically if the location were outdoors or not. The final questions in the survey concerned the respondent's background and demographic factors, such as age, race, gender, education and the like. Temporal factors included day of the week and month of the year. Locational factors included region of the country (based on a full state -by -state coding of the respondents telephone number) and whether the respondents lived in an urban, suburban or rural locale ( by self -identification ).
Sample design
The random digit dial (RDD ) sample was selected using the Mitofsky ±Waksberg (Waksberg, 1978 ) two -stage cluster design. This design gives all households an equal chance of inclusion in the survey, regardless of whether or not their phone number is listed. A cluster from of all possible clusters, defined as banks of 100 telephone numbers, was generated ( stratified by census region ) from the Bellcore Corporation Master Data File, a listing of all area code -exchange combinations in the United States. A systemic selection of clusters was then made from this frame. One telephone number was randomly generated in each cluster and if it was a household, the cluster was retained; if not, the cluster was excluded. Since this was a yearlong study, the process of selecting clusters was done once at the beginning of the study and again after 6 months with a newer release of the Bellcore tape. The average cluster size was approximately 7.5, and the study goal was to complete approximately 100 interviews per month approximately equally distributed across days of the week, with some oversampling on Sunday.
The eligible population was adults, 18 or older, residing in telephone households in the continental United States. Within each sample household, the target respondent was selected at random from among all resident adults. Thè`n ext birthday'' selection method was used, in which the interviewer asks to interview the household adult who will have the next birthday. This method avoids the bias of selecting whoever answers the phone or happens to be home at the time of the call and provides a random respondent without having to ask intrusive questions about household composition.
Interviewer Training
Preceding the pretest, interviewers went through a structured training session using a mix of experienced and newly recruited interviewers. While experienced interviewers are better able to identify problematic characteristics of the study, less experienced interviewers are likely to notice additional problems that may have been naturally compensated for, or dealt with, by the more experienced interviewers.
Prior to main data collection, group -training sessions were conducted that were repeated throughout the yearlong data collection period as new interviewers were added. The interviewers were trained in procedures that were used in identifying the correct respondents and that entailed problem -solving exercises in addition to written instructions. The supervisors coached each interviewer by asking questions that a respondent might ask with a major part of the training involving persuading reluctant respondents to cooperate. The training manual contained suggested responses to a number of questions frequently asked by reluctant respondents. The supervisor assumed the role of respondent in this exercise.
Finally, interviewers worked in pairs, with one interviewer acting as the respondent. Then the pair switched roles, providing an opportunity for both to act as the interviewer. At the end of the training session, each interviewer completed``live'' practice interviewers with nonstudy households.
During data collection, interviewers were monitored from the onset of the study to its completion. Supervisors regularly monitored each interviewer's calls and rated them on: o Introduction and respondent selection o Properly administering the questionnaire (reading the questions verbatim, probing, keeping respondents on track ) o Correctly recording the respondents' answers o Refraining from personal comments o Guiding the respondent, through the use of neutral probes, to provide the required level of detail for the diary o Probing for best estimate of the amount of time spent on activities o Pacing the interview to allow respondents appropriate amounts of time to recall facts or activities An experienced telephone supervisor was on duty at all times to monitor quality control and to handle any problems. Shifts were scheduled during the day and in the evenings and on both weekdays and weekends. All telephone numbers in the sample were tried up to 20 times. Respondents who initially refused were recontacted by a specialist in refusal conversion.
Response rates
A total of 1200 interviews were collected between July 16, 1994 and July 20, 1995. The overall survey rates and results are shown in Table 3 , with the following definitions of each row shown at the bottom of the tables. The overall response is defined as the number of completed interviews divided by the total number of identified telephone households. Response rates in Table 3 refer to the percentage of households where the selected respondent refused divided by the total number of identified telephone households. The refusal rate in the following tables is the percentage beneath the total refusals.
Time Diary Coding
In order to be included in the data set, respondents had to have completed a 24 -h time diary of all their activities during the diary day, always defined as the day before the interview. If a respondent were interviewed on Tuesday, the diary day would start midnight Sunday night, and end at midnight Monday night. Activities were recorded in the order they occurred on the diary day starting from midnight, with five time -diary -related answers recorded for each reported activity: o Start time of the activity ( equivalent to previous activity's end time ) o Actual description of the activity o Location where activity occurred o End of time of the activity o Whether smoking occurred during the activity The activities and where they occurred were coded into the activity and location codes shown in Tables 1 and 2 .
Besides the coding of the location and activity verbatims, the coders were also responsible for reviewing the interviewer's comments and making any needed corrections. The three most common adjustments were splitting multiple activities that were reported as one activity, moving activities that were reported out of sequence, and making changes to the interviewer's precoded``where'' or`a ctivity'' codes based on the contents of the diary or comments by the interviewer. Location codes were compared with their corresponding activity codes to ensure consistency.
Weights
Two weights were included in the main data set; one to correct for unequal probabilities of selection due to differing number of telephone lines per household, differing number of adults in the household and across the four census regions (Northeast, Midwest, South, and West ) . A second weight includes the above design weight plus post -stratification weights on day of the week, gender, race, age, and education in order to match the sample Households that refused to complete the interview or terminated the interview before or in the diary section Noncontacts 223 ( 12% ) Households in which only a home recorder or answering machine could be reached and households in which the respondent was identified but never reached for an interview Problems 87 ( 5% ) Cases in which the respondent was unable to complete the interview due to lack of comprehension of English or some physical problem such as difficulty in hearing or speaking distribution to that of the population as indicated by census data.
Calculations of Time Spent
In order to ensure that all days of the week are equivalently represented, one can convert these daily minute figures into weekly hours devoted to these activities using simple arithmetic. One first multiplies the daily figures by 7 (days of the week ) and then divides the total by 60 (minutes ). If the number of respondent days of the week varies from day to day, the data need to be weighted toward equality; thus if one has 175 diaries from all days of the week except Monday for which there are only 150 diaries, the Monday diaries need to be multiplied by 175 /150, or 1.16. For some calculations below, there is more interest in a different kind of average, namely the average time per participant. For example, to calculate the average length of one's workday, only those who worked should be considered in the denominator and all those who did not work should be excluded. A figure of 6.7 h for a workday across all respondents makes less sense as an analytic statistic than a figure of 8.6 h for those who actually worked. Similarly, it makes more sense to report the average of 2.3 h of those who went to a movie on the diary day, rather than the.04 h of movie going for the entire sample.
Statistical analysis
Multiple Classification Analysis For convenience we have employed the technique of multiple classification analysis (MCA ) to control for other unwanted sources of differences in the data across variables. In other words, when comparing soil exposure across genders, one needs to adjust for the fact that fewer women are employed and that more of them have married or have children. MCA was specifically designed by Andrews et al. ( 1973 ) to provide these types of statistical adjustments on large-scale data sets. What MCA does is to ensure effectively that``other things are equal'' in our crosstabular analyses. In effect, MCA adjusts for all the demographic ways males differ from females, young people from older people, etc. Since respondents report on activities only for a single day, MCA is particularly useful in ensuring that respondents interviewed on a one day are made comparable to those interviewed on other days.
Two most important measurement properties of social science measures are reliability and validity. Reliability refers to the ability of a measurement instrument to provide consistent results from study to study or under different conditions. Do we get similar results using the same method? Validity refers to the ability of an instrument to provide accurate (or valid) data in the sense that it agrees with estimates provided by other methods (such as observation or beepers ) . Evidence for both the reliability and validity of the diary method can be found in Chapter 4 of Robinson and Godbey ( 1999 ) .
The 1995 time -diary survey was conducted by the University of Maryland's Survey Research Center by national RDD telephone procedures between October 1994 and October 1995, using the University of California at Berkeley program for Computer-Assisted Telephone Interviewing (CATI ) software. Specific new diary features and interview training were instituted to produce more detailed and numerous activity accounts ( also including supplemental questions about new aspects of environmental exposure) than in previous diary surveys.
Results
The basic responses to the questions on soil exposure are shown in Table 4 . In the first row and column of Table 4 , it can be seen that on the diary day, almost one in five (19.7% ) respondents reported some contact with soil on the diary day. About a third of those respondents who were exposed (shown in column 2) reported less than half hour of contact, so that the remaining 13% reported soil contact for a minute or more. Of that 13%, a little less than a quarter of them ( 3% ) reported contact for less than an hour and the remaining 10% reported contact for more than an hour. Contact for 2 h or more was reported by more than 6% of the sample, and for 4 h or more by 2%. The overall average time per day in contact with soil was about 20 min, which translates to 102 min for those who had any contact. The basic distribution is reverse J-shaped, then, but with a rather even distribution of times at the tail. The last column of Table 4 shows the percents of the sample spending time outdoors in their time diaries, which has much the same distribution shape in general. Almost half of the sample reported more than momentary time outdoors, 10% less than half an hour, etc., with 14% spending four or more hours outside. In contrast to the 20 min spent in contact with soil, respondents averaged almost 90 min ( 1.5 h ) per day outdoors; that translates to about 3 h for those who were outdoors.
In Table 4B , it can be seen that while more soil contact was with the respondent's hands, other body parts also were involved in exposure Ð especially arms and feet (7% of the overall sample and about 40% of those exposed to soil. ) Another 3± 4% of the overall sample reported face and head exposure, nearly 20% of respondents who reported soil contact. In other words, soil exposure beyond one's hands was reported by notable numbers of respondents in this national sample.
In general, then, the exposure levels were much higher than in Hypotheses 1 ±4:
1. Averaging more than 2 h a week across the entire sample, 2. Notably, not solely confined to hand contact 3. Experienced by almost a fifth of the sample on the diary day 4. Higher than an hour a day for almost 10% of the sample.
Correlations with Activities and Outdoor Time
It might be expected that time spent in soil contact would vary largely as a function of time outdoors. While the two are significantly correlated, however, the magnitude of that correlation is only +0.34. That means that only about 10% of soil time can be accounted for by knowing how much time people spend outdoors. Many other factors must be known before one can predict soil exposure. One of these factors of course is the activity in which people engage. The extent to which time in contact with soil and time outdoors correlates with different activity codes in Table 1 is sometimes much as expected. The major activities correlating with both soil and outdoor time ( in the 0.20 ± 0.39 range ) are yard -work (code 13 in Table 1 ), garden and plant care ( code 17 ), active sports (code 80) and the travel related to such recreation activities (code 89 ).
However, the correlations just as often diverge, being 0.31 for soil and gardening time and 0.15 for outdoor and gardening time,.10 for outdoor child play with soil Ð but only 0.04 with time outdoors, 0.12 for home meals for soil and only 0.05 with outdoor time. For the activities of entertainment ( fairs, pop concerts etc. ) , visiting, and outdoor activities (fishing, hunting, camping etc. ) , the situation is reversed, with higher correlations with outdoor times than soil times. The reasons for these differences are not completely clear, but they suggest the latter activities involve more outdoor time that does not involve time with soil.
Thus, there is reason to expect that, while soil contact and outdoor times largely overlap, they can also show different patterns of correlation with the predictors examined in the next section. Table 5 shows the differences in extent of soil exposure across demographic groups, not only in terms of the 20% exposed, but in terms of minutes of exposure (20 min for the whole sample and 102 min for those exposed ) . It can be seen first that as expected from Hypothesis 5 about gender differences, men ( 27% ) reported almost twice the likelihood of soil exposure than women (14% ), with the average exposure time being 31 min for all men and 11 min for all women. Thus, of these exposed, men further averaged more exposure if exposed Ð 115 min per day vs. only 83 min for women.
Variation in Soil Exposure by Demographic Groups
In contrast, and counter to the second part of Hypothesis 5, few consistent differences by age can be found in Table 5 . Those aged 55± 64 reported more exposure ( 24% ) then those aged 45 ±54 (16% ) and 65+ (17% ), and that difference is reinforced by higher exposure times per those exposed in that age group. Larger sample sizes might well result in more consistent patterns by age.
Contrary to Hypothesis 6, soil exposure was notably lower among minority Black and Hispanic respondents (10% and 10% respectively ) than among white respondents (21% ). These minorities also reported lower times of exposure among those who were exposed ( 109 min for whites vs. 72 and 39 min for blacks and Asians respectively ), so that overall times of exposure are even higher among white respondents.
Again contrary to Hypothesis 6 is the lack of any negative relation between soil exposure and measures of social status, as reflected in income or education differences. Both times and percents of exposure are rather nonlinear by education level, while exposure percents and times are actually higher among higher income groups.
Finally in Table 5 , it can be seen that, opposite to Hypothesis 7, there are only minimal differences by role factors, such as being employed, being married or being a parent.
In terms of statistically significant demographic predictors of soil exposure, then, only gender and race / ethnic group differences emerge as notable predictors.
Outdoor Times
In general, certain of the patterns of time spent outdoors in the last column of Table 5 do reflect the differences in time spent with soil. In the case of gender, men do spend considerably more time outdoors than women ( 146 vs. 49 min ) ; and in the case of race /ethnicity, whites spend more time outdoors (92 min ) than Asians ( 46 min ) Ð but not than blacks or Hispanics. One can again see little consistent difference in time spent outdoors by age Ð although older people ( past age 45 ) do tend to spend somewhat less time outdoors than people under age 45.
In the case of status factors, those of higher and lower incomes spent most time outdoors, while those of higher education tend to spend much less time outdoors, patterns again different from soil contact predictors. Further unlike the case for soil exposure, time spent outdoors does vary by the role factors of employment, marriage or parenthood, being lower for those employed full time, not married and without children.
Variations by Location and Temporal Factors
As expected from Hypothesis 8, Table 6 shows that soil exposure is higher in regions of the country with warmer temperatures. However, the differences are not particularly dramatic across the four regions Ð 23% exposure in the South, 21% in the West, 15% in the Midwest and 16% figure for the Northeast. That is not reflected in times of exposure, however ( 10 min in the Northeast and 17 min in the Midwest vs. 24 min in the South and 25 min in the West ) , due to the much higher exposure times per participant in the South and West regions.
Differences in rural ± urban areas are also in the expected Hypothesis 8 direction, with almost 50% more exposure in rural areas ( 26% ) than either urban ( 17% ) or suburban areas (18% ). Those in rural areas also spend more time (131 min ) in soil contact, among those who have contact, than in urban areas ( 68 min ) or suburban areas (99 min ) . That translates to rural residents spending three times as much time in minutes of soil contact ( 34 min ) than urban residents (11 min ).
Seasonal differences are also significant in the expected direction from Hypothesis 9, with more than three times the rates of exposure in the Spring ( 31% ) than in winter months ( 10% ) . However, times per those exposed, surprisingly, are quite similar across times of the year.
Finally, counter to Hypothesis 9, percent exposure is rather constant across days of the week, although on Sunday, compared to weekdays ( and, surprisingly, to Saturday ), there is notably higher contact ( 158 min ) per exposure than on weekdays or Saturdays (92 ± 93 min ).
Outdoor Time Once again in contrast to soil exposure, time spent outdoors does not vary much by region, with the highest time outdoors in the West (103 min ) vs. in the Northcentral states (71 min ). Consistent with soil exposure patterns, however, outdoor times are lower in urban and suburban areas (78± 80 min ) than rural areas (116 min ). Moreover, time spent outdoors is significantly higher in the Spring and Summer months (109 ± 116 min ) than in the Fall (87 min ) and Winter ( 48 min ).
Again in contrast to soil exposure, however, time spent outdoors is highest on Saturdays ( 131 min ) rather than Sundays (97 min ) or weekdays ( 79 min ) . Overall, then, some patterns of soil times parallel those of outdoor times, but almost as many others do not. Tables 5  and 6 are interrelated. Men tend to be younger, to have higher incomes and education and to work more hours than women. People in the South have higher income and education and are more likely to live in rural areas. Thus, it is not possible to know whether the differences in Tables 5  and 6 are indeed related to the factors in question Ð or whether they reflect differences by these interrelated``third variables.'' As noted above, the MCA procedure was developed to adjust survey differences for these third variables so that one can identify differences for each factor when other factors are made equal. The MCA -adjusted figures in Tables 7 and 8 , then, show these MCA -adjusted factors Ð that is differences by gender, by age after adjusting for differences for the various other factors in Tables 5 and 6. In general, it can be seen that most of the MCA -adjusted figures in Tables 7 and 8 are quite similar to the unadjusted  figures in Tables 5 and 6 , meaning that the latter figures are not simply a function of other variables. Thus, many of the adjusted figures in Table 7 for demographic factors are Much the same is true for the location and temporal factors in Table 8, so that the Table 6 figures do seem to accurately reflect variations by these factors alone.
Multivariate Adjustments Most of the factors in
However, there are some notable changes to be found in the MCA -adjusted results in Tables 7 and 8 . Exposure times of Asians and Hispanics are even lower after adjustment. Employment and parental differences become statistically significant in the Hypothesis 7 direction after adjustment, the reverse of the pattern for marital status. Regional differences are less significant in terms of percent exposed after MCA, while the higher Sunday exposure times become more pronounced.
Summary and conclusions
In perhaps the first detailed national study of soil exposure in this country, the EPRI data show that significant proportions (19.7%) of the American public came in direct contact with soil on a typical day; and those who do come in contact are exposed for more than 1.7 h per day. Almost 10% of the public was exposed for more than 2 h on the day in question. Not all this contact was with soil with hands; about 40% ( and 7% of the entire sample ) came in contact with arms or with feet and another 3% came in contact with their head or their face.
As expected, men reported far more soil contact than women. Surprisingly, few consistent differences were found by age, or by marital status, parental status or employment status. Also contrary to expectations, higher contact was not reported by racial / ethnic minorities, less educated or less affluent respondents. Moreover, these patterns remained virtually unchanged after adjustment for other demographic predictors.
More, as expected, higher exposure was reported in the Spring months, on weekends, and in rural areas Ð and in the South and West regions of the country. More than 50% higher proportions and times of soil contact were reported in the Spring months, and higher proportions and times were reported as well in rural areas ( 26% ) . Again these patterns were largely unaffected by multivariate controls for other predictors, but there were some departures from the bivariate results. In general, patterns of soil exposure time were not simply a function of time spent outdoors, even though the two variables are significantly correlated. Men and whites had more soil exposure and more outdoor time, both variables peaked in the Spring and Summer months and both were higher in rural than urban or suburban areas. At the same time, almost as much outdoor time was reported in the ( low soil contact) Northeast region of the country as in the South and West, and outdoor time peaked on Saturdays ( not Sundays, the day of peak soil contact ). Blacks and Hispanics had lower soil contact than whites, but about the same time outdoors.
These results seem robust across time. The time -use patterns found in the 1994± 1995 EPRI study have been largely replicated in a more recent 1997 ± 1999 diary survey in terms of time spent on different activities, and they also matched time -use patterns found in a 1992 ± 1994 diary study conducted for the EPA. However, neither the soil contact nor the outdoor time measurements in the most recent study were the same as those used in the EPRI study, so that they do not contain the important exposure measurements made in the EPRI study. The EPA study did not include questions on soil exposure.
While the exact amount of exposure to harmful pollutants in the soil has not been measured in any of these studies, prior research has shown high enough levels of pesticides and other pollutants in soil samples for the present results to be a matter of concern requiring more in -depth study. Parallel national surveys could monitor the actual nature of the soil, the extent of indoor vs. outdoor exposure and the wearing of protective clothing while exposed.
Questions were asked in the EPRI survey about how many times respondents washed their hands on the diary day, which is an important step to counteract the effect of potential soil pollutants. The answers seemed to reflect social desirability among respondents, with more than 40% of EPRI survey respondents reporting having washed their hands 10 or more times on the diary day ( and only 3% reported not having taken a shower or a bath ) . That suggests an unreasonably high level of hygiene, since most respondents do not work in food, medical or other jobs requiring frequent hand washing. A final interesting finding from the EPRI study is that those handling soil in the diary day reported slightly fewer episodes of hand washing than average. 
